Introduction: Patient interface is important for the success of continuous positive airway pressure (CPAP), but few trials have examined the influence of mask choice on CPAP adherence. Objectives: To compare the impact of different nasal masks on CPAP in patients with newly-diagnosed obstructive sleep apnea (OSA). Methods: OSA patients were randomized in a 2:3 ratio to receive CPAP via different first-line nasal masks:
Introduction
There are a range of interface options available for delivering positive pressure therapy in obstructive sleep apnea (OSA). These include nasal pillows, nasal mask (NM), oronasal mask (ONM; full-face mask [FFM] ) and custom-made interfaces. NMs are usually the firstchoice interface during titration of continuous positive airway pressure (CPAP) therapy, largely because the majority of studies evaluating the effectiveness of CPAP in OSA patients have used a NM (1) . Patients receiving nasal CPAP (nCPAP) often complain about side effects related to mask fit, such as eye irritation, silicone allergies, pain or abrasion to the bridge of the nose, pressure sores and airs leaks, all of which reduce the tolerability of treatment (2, 3) . Air leakage is a significant problem during CPAP therapy, is experienced by up to 50% of nCPAP users (3) , can cause a drop in pressure leading to suboptimal treatment (4) , and may result in poor compliance (5) . Estimates in the literature suggest that although CPAP is effective at treating OSA, 29% to 83% of patients are nonadherent (usage for <4 h/night) (6) . In addition, 8% to 15% of patients refuse to continue with CPAP after a single night of therapy (7) . Furthermore, it has been shown that the pattern of adherence to CPAP at 3 days and 7 days after treatment initiation is strongly predictive of longerterm (1-month) adherence (8) . These results underline the importance of ensuring good patient compliance in the first few days of CPAP therapy and reinforce the importance of selecting the right interface for treatment initiation. Making the right mask selection in the first instance is also critical to avoid repeated interface changes that both impact patient compliance and increase therapy-related costs for healthcare providers. The mask is a relatively expensive consumable for home care providers (HCPs), especially if the initial choice does not suit the patient. Replacement masks and repetitive home visits can have a negative impact on HCP profitability. To reduce costs and increase acceptance of the first-choice mask in patients starting CPAP therapy, HCPs have developed the concept of "first intention", which involves selecting a single mask for treatment initiation in all patients that provides a good compromise between cost, ease of use, and performance.
Very few trials have investigated the influence of mask choice on OSA treatment. In 2006, a Cochrane review of CPAP delivery interfaces in patients with OSA concluded that the optimal interface remained unclear, because of the limited amount of data available from randomized controlled clinical trials (1). This French study compared outcomes during CPAP therapy using different first-line nasal masks in patients with OSA-hypopnea syndrome (OSAHS).
Methods
This randomized, prospective, non-blinded, parallel study was conducted with the support of four healthcare provider centers based in France from January 2012 to June 2013. Randomization was performed using a secure web platform, which displayed the assigned treatment group after the HCP had entered the patient number. The trial design was approved by a French National Ethic Committee and authorized by the French data protection authority. Informed consent was obtained from all participants; the study was conducted in accordance with Good Clinical Practice and the principles of the Declaration of Helsinki. The study was registered at ISRCTN registry (NCT01186926).
Subjects
Newly diagnosed OSAHS patients were eligible for enrolment, if they had daytime sleepiness and 3 of listed symptoms (snoring, morning headaches, reduced alertness, libido disorders, hypertension, nocturia) associated with an apnea-hypopnea index (AHI) of >30/h or 5-30/h with 10 respiratory event-related arousals with an increase in respiratory effort documented by polysomnography (PSG), central apnea index of 20%, absence of nocturnal mouth leaks detected during diagnosis or screening CPAP treatment initiation, no known allergy to silicone, and were fitted with an automatic positive airway pressure (APAP) device (S9 AutoSet TM ; ResMed). Determination of the effective pressure was done either automatically after one night of auto-titration or manually after one night of titration during PSG. Patients were excluded if they were prescribed a first-line mask other than those being assessed, had previously been treated with CPAP/APAP or noninvasive positive pressure ventilation, had undergone ENT surgery within the previous 6 weeks, had significant epistaxis in the previous 6 months, or were participating in another trial. (Fig. 1) . Control mask was selected by the patients' HCP, and were the most consistently-used masks in study clinics over the trial period.
Study treatments

Data collection
Data were collected by HCPs during home visits and via telephone. At baseline, this included interface characteristics, CPAP settings, duration of procedures associated with choosing mask size, mask implementation and adjustment, and patient training. During the 3-month follow-up, HCPs recorded the number, duration and cause of mask-related contacts, number of visits dedicated to the mask, primary cause of a change in first-line mask or discontinuation of CPAP, compliance, and patient satisfaction (based on a patient questionnaire).
The primary endpoint was nasal mask acceptability, defined as continued use of the mask assigned at randomization. The modified intent-to-treat (mITT) population comprised all patients allocated to treatment without mouth leak during CPAP treatment initiation, and the on-treatment (OT) population included patients who were adherent with CPAP therapy at 3-month follow-up.
Sample size
The minimum difference in first-line mask acceptance between the MFX and control groups was determined to be 15%. It was assumed that 228 patients (91 MFX, 137 control) would be needed to reject the hypothesis that acceptance rate is the same in both groups based on a 5% one-sided alpha risk and 80% power.
Statistical analysis
Data management and statistical analysis were performed by Delta Consultants (CRO, Eybens, France). At the 3-month follow-up, nasal mask acceptability, CPAP compliance, causes of CPAP failure, and HCP interventions were compared in the mITT and OT populations. The Chi-square test or Fisher exact test (qualitative variables) and the Wilcoxon-Mann-Whitney non-parametric test (quantitative variables) were used to evaluate differences in baseline demographics between the MFX and control groups. A logistic procedure with backward stepwise regression analysis was used to determine independent predictive factors associated with nasal mask acceptance. Survival analysis of nasal mask failure was performed using Kaplan-Meier survival estimates and compared between groups using a Log-Rank test. Quantitative variables were described in terms of mean, standard deviation, median and range, and qualitative variables were described as absolute frequency and percentage. A P-value of <0.05 was considered statistically significant.
Results
A total of 285 OSAHS patients were initially enrolled; 90 (MFX: 27; control: 63) of these required a FFM (mouth leaks) and were therefore excluded. 
Demographic data and treatment settings
Demographic data and treatment settings for the mITT population are shown in Table 1 . Overall, 22.6% of patients had 1 home visit for any cause and 10.3% had 1 visit related only to a first-line nasal mask issue. Only 6.2% of subjects made a first-line nasal mask-related contact call. OT population data were similar, except duration of first-line mask use was significantly longer in the MFX group (84.7 6 19.0 vs 76.9 6 26.2 days, P 5 0.0171). Control mask size was standard for 74.2% of subjects and SlimLine 15-mm tubing was used in the majority (96.8%). There were no other differences between the two groups. CPAP device data are shown in Table 2 .
First-line mask acceptance
In the ITT analysis, first-line mask acceptance rate at 3 months was higher in the MFX versus control group (60% vs 45%; P 5 0.0066]. After exclusion of patients requiring a FFM, first-line mask acceptance rate was higher in the MFX group, with differences versus control reaching statistical significance in the OT population (Fig. 2) . The probability of rejecting the first-line nasal mask in the OT population increased over time in the control group but not in MFX group where (Fig. 3) .
Of the 18 subjects in the MFX mITT group who were no longer using their first-line mask at 3 months, the main reasons for non-acceptance were skin lesions (n 5 6), mask discomfort (n 5 1), wrong size (n 5 1) or other (n 5 10). Of the 35 control subjects who were no longer using their first-line mask at 3 months, the main reasons for non-acceptance were mask uncomfortable (n 5 6), unintentional leakage (n 5 5), skin lesions (n 5 7), wrong size (n 5 1) or other (n 5 14). There were no statistically significant between-group differences in the reasons for first-line mask failure
On multivariate analysis, median leakage rate and pressure were significantly associated with first-line mask acceptance. The odds ratio (OR) for first-line mask acceptance, adjusted for age, sex and baseline CPAP settings, was 0.847 (95% confidence interval [CI] 0.763-0.939; P 5 0.0017) for a 1 L/min increase in median leakage, whereas a 1 cmH 2 O increase in median pressure increased mask acceptance (OR 1.205, 95% CI 1.007-1.443; P 5 0.0422). 
CPAP use and compliance
Despite 10 more days with >4 h of CPAP usage per night (good adherence) in the MFX group, there were no significant differences versus control for all CPAP compliance data (mITT) ( Table 3 ). In the OT population, mean CPAP usage and the proportion of days with good adherence were significantly higher in the MFX versus control group (Table 3) .
Patient satisfaction
Satisfaction scores were similar in both groups (mITT). Lightness was cited more often as a positive point in the MFX group versus control (51.8% vs 18.5%, P < 0.0001). This was never cited as a factor requiring improvement in the MFX group but was a problem for 29 control subjects (26.9%) (P < 0.0001). Conversely, air-tightness was more frequently cited as a positive point in the control versus MFX group (20.4% vs 4.8%, P 5 0.0019). Cleaning difficulties were noted more in the control than in the MFX group (34.3% vs 15.7%, P 5 0.0038). The ease of cleaning score was 7.9 6 1.9 for MFX mask versus 6.7 6 2.4 for control masks (P 5 0.002) (scale: 1 5 very poor, 10 5 excellent).
Contact calls and visits for mask issue
There was no difference between the MFX and control groups in the proportion of subjects with a first-line mask-related contact call, and call duration was similar (12.5 6 6.6 min for MFX vs 8.1 6 5.6 min for control, P 5 0.3056). However, the duration of a visit relating to a first-line mask only was significantly shorter in the MFX group (Table 4) , and subjects using the MFX were significantly less likely than those using control masks to have a visit related only to the first-line mask (Table 4) . Second-line mask requirement was lower in the MFX group versus control, significantly so in the OT population (Table 4) . 
Discussion
The results of this study showed that patients receiving CPAP therapy via a first-line MFX nasal mask are more likely to accept the interface and adhere better to CPAP than patients treated via other nasal masks. Adherence to CPAP is a crucial aspect of therapy, and the benefits of treatment are most evident in patients who comply with treatment and have longer durations of CPAP use (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Nevertheless, an estimated 46-83% of patients are nonadherent with CPAP when compliance is defined as usage for 4 h/night (6) . Therefore, many studies have investigated factors that might influence compliance with nocturnal CPAP to identify the best ways to maximize compliance. Along with patient education (20) (21) (22) , clinical support (23) (24) (25) (26) , and behavioral interventions (21, 22, 27) , CPAP equipment, including the interface, has been shown to be an important factor in determining compliance with therapy (28) (29) (30) (31) (32) (33) . The current results add to the body of evidence in this area.
Unintentional leakages in this study were lower in the group using an MFX nasal mask, and overall mask acceptance was significantly associated with fewer mask leaks. These findings are consistent with existing data showing that fewer leaks are associated with better CPAP compliance (34) and that leak is an independent predictor of CPAP compliance (35) . Unintentional leaks may be caused by mouth opening or a poorly fitting mask (36) . In the presence of mouth leak an early switch from a nasal mask to a FFM is indicated (36) . Such early switching in mouth breathers was shown in our study. In clinical practice it is likely that during CPAP initiation a significant proportion of patients will not be eligible to use a nasal mask because of nocturnal mouth leaks and will therefore require a FFM as the primary interface. The main objective of our study was to compare acceptance of first-line nasal mask for CPAP delivery at 3-month follow-up and to minimize the effects of bias on the primary endpoint assessment resulting from a high early switch rate from a nasal mask to a FFM. As a result, patients with mouth leak were excluded from the study.
This study showed that higher pressure therapy was associated with better mask acceptance and therefore also potentially better CPAP adherence. A similar association has been reported previously between pressure and compliance showing that patients who required higher CPAP pressures were those with more severe OSA, making them more likely to comply with therapy (37) (38) (39) . However, we couldn't link higher CPAP pressures with greater OSA severity in this study because data on indicators of OSA severity (e.g. AHI, oximetry)
were not available. Of note, the effect shown in this study was relatively small, at the lower end of the confidence interval.
Across a range of diseases, greater treatment satisfaction is associated with better compliance, and higher levels of dissatisfaction are predictive of poor compliance (40) . In this study we have explored potential differences between the two groups with respect to several components of interface satisfaction. We found that patients reported that the MFX mask was more lightweight and easier to clean than control masks. Conversely, control masks were rated as more air tight than the MFX. Despite these differences, none of the mask characteristics mentioned allowed us to identify any specific reasons for patient satisfaction or dissatisfaction that could have compromised CPAP use and therefore reduce first-line mask acceptance in the control group. There are relatively few studies comparing the effect of different CPAP interface types on CPAP adherence and even fewer studies have investigated their impact on patient satisfaction. In addition, available data have focused mainly on the comparison between FFM and nasal masks (1) . In a randomized crossover trial comparing a nasal mask with FFM, CPAP was used for one additional hour per night with the nasal mask (41) . During that trial this nasal mask was rated more comfortable and less claustrophobic by most of the participants. In non-invasive ventilation, patient interface preference has been also shown to be a key factor in treatment compliance (42) . Device satisfaction may enhance CPAP use (41) and patients who experience difficulties with CPAP treatment in the early days of treatment may be at risk for CPAP discontinuation (43) . In addition, there is an important link between experience during the first week of CPAP therapy and long-term adherence to therapy (8) . Both of these findings mean that the choice of first mask is one of the most important shared decisions made with the patient during the CPAP initiation process. Considering the scarcity of data available regarding the different types of mask further research is need to assess the weight of patients satisfaction and preference in improving long term compliance.
The requirement to switch and replace the mask during CPAP therapy may represent a hidden cost for healthcare providers. A US study reported a high rate of mask replacement over 2 years' CPAP therapy in OSA patients (24% in year 1, 29% in year 2) (44). In our study, a second-line mask was required less in the MFX group, which could result in a lower cost and logistical burden in terms of interface replacement. Importantly, although the number and duration of calls was similar in the two mask groups, the MFX group had significantly fewer and shorter first-line mask-related visits, reducing HCP workload. A randomized, controlled trial showed that home visits made by a specialist were time-consuming and expensive and that much of this reflected travel costs (45) . Therefore, delivering the appropriate mask first time might reduce provider costs.
This study had a number of limitations which need to be taken into account when interpreting the findings. First, we did not reach the 228 patients required for the mITT analysis due to the high number excluded with mouth leaks. That may explain why the primary endpoint comparison only reached statistical significance in the OT analysis. Furthermore, it was not possible to assess each control mask individually because of the large number of subjects this would require. Nearly a quarter of patients discontinued CPAP therapy (mainly for pressure intolerance). It is difficult to define the role that first-line mask choice played in these discontinuations, but the problem was similar in both groups. Additionally, the follow-up was only 3 months, meaning that no definitive predictions can be made about the contribution of first-line mask choice to longer term CPAP adherence. However, given the strong link between early compliance and persistence with CPAP, it is likely that the results can be generalized over a longer period. In addition, mask use survival curves indicated that if primary mask failure occurred in the MFX group, this happened primarily during the first month of CPAP, with patients who did well on MFX over the first 30 days continuing to successfully use it for the study period. This randomized trial has been conducted under real-life practice conditions with the same CPAP device, the control mask provided was dependent on individual experiences and preferences of the healthcare provider. On the other hand, the control group may have benefited from greater provider expertise relating to the mask that they use on a daily basis.
In conclusion, the results of this randomized, prospective study suggest that there may be differences between outcomes, including adherence and healthcare utilization, based on the choice of initial interface for delivery of CPAP in patients with OSA.
